Abstract: Aiming at improving the efficiency control of Phakopsora pachyrhizi, this research evaluated different application techniques, using spray deposits and yield parameters of soybean crop. Two experiments were carried out in the experimental area of FCA/ UNESP -Botucatu, SP, Brazil, in the soybean crop, Conquista variety, in the 2006/2007 season. The first experiment was arranged in random blocks with eight treatments and four replications. The treatments were conducted in factorial arrangement 4x2 (four air levels 0, 9, 11 and 29 km/h combined at two nozzle angles 0 and 30°) using AXI 110015 nozzles. Ten plants on each plot were selected for sampling spray deposits. Artificial targets were fixed on plants, two in the top and another two in the bottom part of plants (abaxial and adaxial leaf surface each one). For deposit evaluations, a cupric tracer was used and the amount of deposits was determined by a spectrophotometer. The second experiment was carried out in the same place and the treatments were of the same arrangement as the previous experiment, including control treatment (untreated plants). The spraying with triazole fungicide was realized in R2 and R5.2 growth stages of soybean with 142 l/ha spray volume. The nozzle angled of 30° combined with maximum air speed promoted the highest spray deposits on the soybean crop and influenced positively the control of the soybean Asian rust as well in the productivity of this crop.
INTRODUCTION
Nowadays, the soybean rust deserved special attention due to its severity and difficulty of control, since it develops in the aerial part of plants, damaging the physiology and contributing for a drastic reduction of grain yield. For an efficient control and cost-cutting, spray techniques and spray equipment must be improved. Studies show that the use of air assistance in sleeve boom, connected to the hydraulic system of tractor, can reduce the drift, increase droplet penetration into the plant canopy and improve the spraying distribution (Taylor et al. 1989; Cooke et al. 1990; Taylor and Andersen 1991; Bauer and Raetano 2000) .
The Asian rust control is only done using fungicides and the sprays must be performed preferentially with preventive forms, based on triazole, or even, with curative forms (Yorinori 2005) . In Brazil, this fungicide group is frequently associated with strobilurins. The right moment for the applications is determined by climatic conditions, the presence and severity of the disease, plant growth stage and the fungicides efficiency (Yorinori et al. 2004) .
To get success in soybean rust control, the fungicide spray should be one way but not the only measure, and it must be used together with other forms of control (Kimati et al. 1997) . The fungicides should be recommended according to their spectre of action, toxicity, tenacity and phytotoxicity.
Thus, the present work aimed at the comparision of different pesticide spraying technologies in soybean rust control and soybean crop productivity: use of spray boom with and without air assistance, the nozzle angle influence on spray deposits and spraying losses.
MATERIALS AND METHODS
Two experiments were carried out in the Experimental Farm of Agricultural Sciences Faculty of São Paulo State University -FCA/UNESP -Botucatu, São Paulo, Brazil, in soybean plants, Conquista variety, in the 2006 Conquista variety, in the /2007 season. The area is located at 724 meters above sea-level, with the following geographic coordinates: 22°48' 59.7" S and 48°25' 38.2" W, and wind predominant direction EastWest. The soybean sowing was performed in 18/12/2006 under tillage system, with row spacing of 0.45 m. The crop was harvested in 04/05/2007.
The first experiment was carried out in randomized blocks design with eight treatments and four replications, totalizing 32 plots. The treatments were set up in a factorial arrangement 4x2 (four air levels 0, 9, 11 and 29 km/h combined at two nozzle angles 0 and 30°) using AXI 110015 nozzle type, as shown in table 1. In the R2 growth stage, a cupric tracer was sprayed 85 days after sowing (DAS) in the concentration of 250 g of copper oxichloride (50% metallic copper) per 100 liters of water, to quantify the spray volume deposited on the artificial target (9 cm²).
The cupric tracer concentration used in the experiment was approximately ten times lower (0.35 kg/ha) when compared that copper oxichloride dosage recommended for sensitive crops in Brazil, around 2.5 kg/ha (Andrei 2005). An Advance Vortex 2000 air-assisted sprayer equipped with a 18.5 m spray boom, 37 flat fan nozzles, AXI 110015 type, operating at 295.67 kPa working pressure and 142 l/ha of spray volume was used to spraying. The spraying speed was 5 km/h and the air assistance system operating in turn-on or turn-off mode (conventional spraying). During the spraying of cupric tracer, between 09:45 h -11:40 h am, climatic conditions were: air relative humidity between 72-74.1%, temperature around of 28.5-29.2°C and a wind speed between 3.9-7.9 km/h. The experimental unit (plots) dimensions were: 8.0 m x 10.0 m (width x length).
The air-speed calibration was done by the number of returns of the controlling device of the fan rotation: 0, 9, 11 and 29 km/h of the air-speed produced by fan.
For spray deposits evaluation, was used a cupric tracer called Cobox, with 50% of metallic copper and artificial targets (paper-filter 0.03x0.03 m of dimension) distributed among ten plants into the plots, in perpendicular direction to the sprayer displacement. In each one of the sampled plants, the artificial targets were fixed, two in the top and another two in the bottom part of plants (abaxial and adaxial leaf surface each). In order to evaluate spraying losses, three Petri dishes 0.085 m of diameter with paper-filter were placed at height of 0.10 m from the soil surface, in each treatment, inside and outside the crop canopy.
After spraying, the artificial targets were removed and placed in glass jars containing 0.02 l of nitric acid extracting solution at 1.0 Mol/l of concentration and mixed a quarter of hour at 220 rpm. After that, there remained 24 hours stationary. Then, the solutions were taken to the spectrophotometer of atomic absorption, model AA-6300 SHIMADZU for quantification of copper ion (Cu) according to the method used by Chaim et al. (1999) . The Petri dishes distributed inside and outside of the canopy were also washed with the same amount of solution and for cupric tracer quantification was used the same procedure. The data of tracer deposits was analyzed separately for abaxial and adaxial surfaces, in different parts of a plant (top and bottom). The data was submitted to variance analysis and the averages compared by the Tukey test, at 5% of probability.
In the second experiment, two sprayings with a fungicide were done at the R2 (85 DAS) and R5.2 growth stages (100 DAS), respectively. During the sprayings, climatic conditions were: R2 (relative air humidity between 65-70.1%, temperature 28.8 to 29.8°C and a wind speed between 7.5-9.5 km/h, in the period between 10:15 h -11:30 h am) and R5.2 (relative air humidity between 68-69.2%, temperature between 28.5-29.5°C and wind speed between 3.9 to 8.2 km/h, in the period between 3:40 h -4:30 h pm).
This experiment was located in the same area and the treatments were of the same arrangement as in the previous experiment, but with one more control treatment (untreated plants). Thus, the experiment comprised 9 treatments (4x2+1) with four replications, totalizing 36 plots. All sprayed treatments received the cupric tracer on the day of fungicide spraying, except for control treatment.
Two sprayings were performed with a fungicidal mixture of pyraclostrobin + epoxiconazole in R2 and R5.2 growth stages, 85 and 100 days after sowing (DAS), respectively, using AXI 110015 nozzles, spaced at 0.50 m and 142 l/ha of spray volume was used. Before and after sprayings, evaluation was done of number of pustules per cm² in leaves from the bottom part of a plant, weekly.
Two leaf samples were removed from each plot and taken for Pesticides Application Technology Laboratory of the FCA-UNESP, to count the number of pustules per cm². Leaf portions of 1.0 cm² were taken of the abaxial surface and beside the central rib, to count the number of pustules, by stereoscopic microscope.
For air-assistance evaluation, combined with different spraying angles in soybean rust control concerning the soybean productivity, three central rows of crop with length of 8.0 m each were harvested in each plot using a harvesting machine. The evaluated parameters were: weight of 1 000 grains and grains size. Also, the crop productivity (kg/ha) at different treatments was evaluated adjusting the grain humidity to 13%. The data was submitted to variance analysis and the averages compared by the Tukey's test, at 5% of probability.
RESULTS AND DISCUSSION

Experiment 1 Spray deposits on leaves
The values of spray deposits in different positions of the soybean plant, expressed as spray volume, are shown in tables 2 and 3.
In general, it can be stated that there was no influence of air speed on the amount of spray deposit in the adaxial surface of leaves in the top of the plants (Table 2) , independently of the nozzle angle in the spray boom. Probably this was due to the interception of leaves in the spray jet. When the nozzle angle at 30° was used, in the same direction of the sprayer movement, the absolute values of spray deposits were the lowest (Table 2 ). Regarding maximum air speed (29 km/h) and nozzle angle of 30°, an increase occurred in spray deposits on adaxial surface of leaves in the bottom part of the plants (Table 3 ). This fact confirms the importance of spraying performed with the nozzle angles in the same direction of the sprayer movement, which can contribute significantly to the soybean Asian rust control, considering the disease epidemiology. In abaxial surface of leaves, in the top part of plants, the air assistance with air speed of 9 and 29 km/h, provided the increase higher than double of deposits regarding the treatment that did not use the air assistance and regarding the treatment that was used at 11 km/h of air speed, respectively, in the same direction of the sprayer movement (Table 2 ). For leaves in the bottom part of the plant, spraying with maximum air speed generated by the fan and nozzles angled at 30°, it was essential to promote doubled of deposits in the abaxial surface of leaves (Table 3) . Raetano and Merlin (2006) evaluated the effect of spray volumes, air assistance and nozzle angles on spray deposits and their efficiency in the control of soybean Asian rust. The authors found greater deposit levels in adaxial surface of the leaves, in the top part of the soybean plants . This occurred when the spraying was performed with air assistance and hollow cone nozzles (JA-2) angled of 30° in relation to vertical line (in the same direction of the sprayer movement) and spray volume of 143 l/ha. These authors did not find air assistance effect on the yield parameters and productivity in the 2004/2005 crop harvest, to the same concentration of the cupric tracer and spray volume (142 l/ha) used in this research. Probably, the factors that could have influenced the spraying deposit in this experiment were: spray nozzles, in this case, AXI 110015, plant architecture (Conquista variety), as well as the dynamics of the droplets when nozzles and air assistance were combined. The air assistance in spraying contributed to the increment of spray deposits in the top part of soybean plants. However, studies regarding the operational conditions (dynamics of the air volume in relation to air speeds produced by displacement of the equipment), are necessary to increase spray deposits in the bottom part of the plants. Raetano and Bauer (2003) evaluated the effect of air speed in spraying (50, 75 and 100% of the maximum capacity of fan) in pesticide deposition on bean crop, Carioca variety. 48 days after emergence, 0.2 kg of cupric The same big letters in the column, indicated the lack of differences by the Tukey's test at 5% significance level The same big letters in the column, indicated the lack of differences by the Tukey's test at 5% significance level oxide per 100 l of water was applied. The variation of the air speed did not influence the spray deposits, but the use of air assistance in maximum capacity of the fan, resulted in better levels of spray deposits in the abaxial surface of leaves in the bottom part of plants.
The interference of the nozzle angle, with or without air assistance, on the spray deposits with cupric tracer in potato crop, Ágata variety, was studied by Scudeler and Raetano (2006) . A cupric fungicide (0.84 kg of a.s./kg of c.p. equivalent to 0.5 kg of metallic copper per kg of c.p.) in dosages of 0.2 kg of c.p. per 100 l of water was sprayed to 58 days after the sowing, with and without air assistance combined with different nozzle angles: +30°(forward), 0° (vertical) and -30° (against the sprayer movement), using a hollow cone nozzle JA-4 (621 kPa) and spray volume of 400 l/ha. The highest deposits on leaves were observed at 0° and +30°, with air assistance in top and bottom part of plants, in the abaxial and adaxial surfaces of the leaves.
Therefore, the air assistance can be considered a important technology for the increase of spray coverage on agricultural crops, but is necessary the minimum of foliar area to justify the use of this technology.
Evaluation of spraying losses
The spray volumes deposited in Petri dishes inside of soybean canopy (canopy and field road) and outside of the crop, are shown in table 4. There were no significant differences between losses by drift, when spraying angles were compared. However, for each air speed when compared in different positions of the collectors, the targets placed in the field road showed higher deposits. This might have been because there were not any barrier between the targets in this place.
In the field road, only the maximum air speed generated by fan, provided higher significant levels of spray deposits. When these targets were placed inside the crop canopy, the spray deposits were lower than those of the field road. However, the targets placed at a 1.0 m outside of the culture, did not show a difference in the spray deposit between spraying with and without air assistance.
Research carried out under controlled environment conditions as in the field, demonstrated that the nozzles angled of 30° in the same direction as the sprayer movement in conventional sprays (without air), caused a significant increase of spray deposits in the foliar surface of different plant species: Cyperus rotundus (Silva 2001) , Brachiaria plantaginea (Tomazela 2001) and Glycine max (Bauer 2002) . Bauer and Raetano (2000) evaluated the effect of air assistance in the spray deposition and losses of pesticides in soybean crop compared to conventional equipment (without air) using artificial targets. They obtained lower levels of spray drift for equipment with air assistance at different distances of the targets. The authors also stated evidenced lower drift by sedimentation on the outside of the canopy, with air assistance in the spray boom.
Experiment 2
Severity of the soybean Asian rust
The averages of pustules number per cm² in the soybean crop are shown in table 5 and the disease severity is shown in figure 1 . There was no interaction or significant difference between averages of pustules number per cm² and spray angle. After two sprayings of fungicide mixture pyraclostrobin + epoxiconazole, in both growth stages (R2 and R5.2) respectively, the number of pustules in Big letters in the column, indicated differences by the Tukey's test at 5% significance level plots treated at 102 DAS was reduced significantly when compared to the control, independently of the air speed in the spray boom. However, the number of pustules in the control also decreased after 102 DAS, probably due of the crop senescence. Fig. 1 . Severity of the soybean Asian rust before and after two sprayings (R2 and R5.2), respectively, at 85 and 100 DAS for fungicide mixture pyraclostrobin + epoxiconazole to control P. pachyrhizi. Botucatu, SP, 2006 /2007 Evaluation of the yield parameters and productivity The averages of the grain size, classified by bolters mesh (17, 16, 15 and 13) and the depth, after treatment with the fungicide mixture pyraclostrobin + epoxiconazole, with the nozzle angle at 0 or 30° at different air velocities generated by the sprayer fan, are shown in table 6.
The percentage of detained grains in bolter mesh 16, was higher than the retention in the other bolters at different air speeds (9, 11 and 29 km/h) ( Table 6 ). Regarding the nozzle angle, the better result apart from the size of grains was obtained with the nozzle angled of 30°, in the same direction of the sprayer movement and with air assistance, as shown in table 7.
There was no influence of the air speed on the percentage of detained grains by bolter mesh 16, when used the nozzle angle at 0° (Table 7) , but regarding the spraying with nozzle angle at 30°, in the same direction of the sprayer movement, with 9 or 29 km/h of the capacity of fan rotation, a higher percentage of detained grains in the bolter mesh 16 were verified. This combination was enough to promote the highest spray deposits, mainly in the bottom part of the plant and in the abaxial surface of the leaves. Therefore, it can be concluded that the nozzle angle of 30° with air assistance contributed significantly to prevent the severity of disease and consequently influenced the increase of productivity of the soybean crop. The effect of different air speeds combined with two nozzle angles to control soybean rust on the yield parameters and productivity, are shown in table 8.
In general, it can be proved that there was no significant difference between treatments for weight of 1 000 grains in treatment with nozzle angled of 0°. Regarding the productivity, the better results were obtained with nozzle angled at 0° and air speed of 11 km/h. Good results can also be shown for nozzle angle of 30° and air speed of 29 km/h The higher productivity with a nozzle angle of 0° and air speed of 11 km/h was possibly due to air dynamics favouring the best distribution of spraying, as compared with air speed of 29 km/h and nozzle angle of 0°, with highest potential of losses of droplets as a function of air deflection. Averages followed by the same letter, in the column, no indicated differences by the Tukey's test at 5% significance level 11.5
Big letters in the column, indicated differences by the Tukey's test at 5% significance level
CONCLUSIONS
The air assistance stimulated the increase of spray deposits in the soybean crop, Conquista variety, especially in the bottom part of the plant and abaxial surface of the leaves. The air speed did not influence the spray losses by drift; nozzles angled of 30°, in the same direction of the sprayer movement, combined with air assistance (29 km/h of air speed), caused higher spray deposit and influenced positively the control of soybean Asian rust, as well as the productivity of the Conquista variety crop.
The choice of the best combination of air speed and nozzle angle in air-assisted sprayers is influenced by architecture and growth stage of plants to obtain desirable biological effect in soybean Asian rust chemical protection with this technology. The same big letters in the column, indicate the lack of differences by the Tukey's test at 5% significance level *humidity corrected to 13%
